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This study outlines a proposed investigation to establish local and national x-ray dose reference levels for cardiology examinations.  and produce This will provide a benchmark in Irish Cardiovascular centres against which individual performance can be judged.  This will and hence encourage centres to take corrective action if deemed necessary. The study also aims to determine methods of reducing the radiation dose for given interventional cardiology procedures, whilst maintaining image quality and diagnostic efficacy of examinations. The project involves collaboration between University College Dublin, University of Ulster at Jordanstown and hospitals throughout the island of Ireland. It is part funded by the Health Research Board (HRB).

Ireland has the highest rate of heart disease in Europe, accounting for 42% of all deaths [1]. Interventional cardiology procedures are recognised as an important component of healthcare given the high incidence of cardiovascular disease in this country. The number of patients referred for interventional cardiology procedures has increased in recent years as a result of the cost-effectiveness of these techniques relative to the surgical alternative of invasive surgical procedures [2]. Patients undergoing interventional techniques can be treated as outpatients or day-cases, requiring a reduced hospital stay compared with surgical candidates.  The advantages of reduced cost, increased patient throughput and fewer complications have driven the increased need for various interventional cardiology procedures worldwide.
All x-ray examinations represent a biological risk proportional to the radiation dose delivered to an individual [3]. Radiation doses should therefore be kept as low as reasonably achievable, consistent with good diagnostic image quality. The potential for high patient doses, and variability both within and between cardiac imaging centres during cardiac interventional procedures have already been  identified [4]. Radiation dose optimisation and standardisation of practice have become critically important, representing an essential component of any health strategy aimed at improving the quality of health care provision. 

Due to the involvement of prolonged fluoroscopic exposure times, interventional procedures, particularly cardiovascular studies, are often responsible for some of the highest patient and staff radiation doses experienced in diagnostic radiology [5]. Such exposures increase the risk of stochastic radiation effects (cancer), and regularly cross the threshold dose, above which direct, deterministic effects such as erythema, epilation and ulceration are experienced by the patient [6]. It has been estimated that in the UK, interventional cardiology studies are responsible annually for a collective effective dose of 914 manSieverts [7] and deterministic effects involving the skin such as tissue desquamation, ulceration and necrosis, sometimes requiring skin graft therapy are being increasingly reported [8, 9]. 

Based on data collected in a preliminary survey performed for this study, and data available in other countries, it is estimated that the Republic of Ireland’s population of about 4 million will undergo a minimum of 15,000 cardiac interventional examinations per year, resulting in an annual collective dose of about 165 manSieverts.  Recent HRB-funded work and other studies [10] have identified major causal agents responsible for high radiation doses in non-interventional fluoroscopy and have established cost-effective methods of reducing patient dose for non-fluoroscopic work [11]. These methods include increasing tube potential, variable FFD, patient positioning and tube filtration [11, 12]. If similar dose reducing methods can be established for interventional cardiology, reduction in terms of manSieverts may be substantial.  







 National Reference Doses

	Reference doses were first identified by in 1990 by NRPB and the Royal College of Radiologists (RCR) [15]. The aim was to indicate abnormally high doses for common examinations by using the third-quartile of the distributions of the mean doses for a particular examination.

	The International Commission on Radiological Protection (ICRP) also used the concept of reference doses but referred to them as “Diagnostic Reference Levels” (DRL’s) which should be calculated by professional medical bodies [16].

	The DRL has been recommended by the UK Institute of Physics and Engineering in Medicine Report 88 [17] and implemented as a requirement in hospitals by the Ionising Radiation (Medical Exposure) Regulations IR(ME)R [18]. 

	DRL’S are - Defined as dose levels in medical radiodiagnostic practices to patients of standard-sized groups or standard phantoms, for typical examinations.
They act as an indicator of patient dose that can be used as a benchmark to prevent excessive exposure.

	Currently no set Diagnostic Reference Levels.
-	Required by law – Council Directive 97/43/EURATOM [19]

	EU legislation (97 / 43 / EURATOM) [19]:
Incorporated into Irish law;






	To quantify the ionising radiation exposure to patients during common interventional cardiology procedures- namely; Coronary angiograms, Percutaneous coronary intervention & Pacemaker insertions  





	Average effective dose for angiography- 6 mSv

	Risk of fatal cancer from 6 mSv only 1 in 3,300
	Approx 14,100 angiography procedures, 1,200 pacemaker insertions in Ireland per annum 

	Statistically almost 5 people in Ireland develop cancer following these procedures every year



















[21] The Linear No-Threshold (LNT) Debate.

Threshold Doses
*	500 mGy - impairment of haemopoiesis.
*	2,000mGy - erythema.
*	2,000mGy - cataract formation.
*	7,000mGy - permanent epilation.
*	10,000-12,000mGy - skin atrophy with telangiectasia.[22] VANO

*	Direct deterministic effects associated with cardiac interventional procedures are well documented in literature.[5,6]

U.S. figures
 Percutaneous transluminal coronary angioplasty (PTCA)
608,000 procedures per year in U.S. (1997)
effective (whole-body) dose per procedure 5.0  1.9 mSv

Cardiac catheterization, coronary arteriography & angiography (CA)
may include ventriculography, left- and/or right-heart studies
3,870,000 procedures per year in U.S. (1997)









*	Complexity score for all examinations. [4,24] 
*	Exposure factors:
kVp / mA / Fluoroscopic exposure time / Length of cine run / Single and Biplane options / DAP meter reading are also recorded

Dose measurements from dose-area product meters will be collated from participating centres in the Republic of Ireland and Northern Ireland. Work practices for the examinations will be recorded and techniques associated with low radiation dose and acceptable/high image quality will be identified. From the information gathered diagnostic reference levels will be established. 







*	Data collection & analysis.
*	Image quality tests.
*	Set DRLs.






To Date, the results demonstrate a mean dose for CA procedures 7,426cGycm2, for PCI procedures 10,744cGycm2, for PPI procedures 3,705cGycm2.
However large intra and inter hospital variations were noted. The time varied by a procedure specific extent and shows a strong relationship with radiation dose delivered; there are also other causal agents being investigated which account for some variation in the DAP readings.






*	 Average: 		7,426cGycm²				8.7 mins. 
*	 Range:		1,899cGycm² -17,930cGycm² 	2 - 15.5 mins.

*	PCI:
*	Average:		10,744cGycm² 			15 mins. 




*	Range:		356 cGycm2 - 24,294cGycm²		1.1 - 43.1 mins. 	







COMPARISON OF REFERENCE LEVELS
Procedures:	CA	PTCA
DAP (cGycm²)Study (avg)	5700*7426	9400*10744
Screening time (Min)Study (avg)	6*8.7	16*15






Close correlations were noted between Screening time, Complexity and their effect on the DAP readings- lower complexity and reduced time procedures had lower DAP readings.
There was however some variation on the effect that the grade of the operator & patient BMI had on the DAP.












































Due to the risks associated with X-ray exposure radiation doses should be kept as low as reasonably achievable, consistent with good image quality. However significant variations in radiation dose and image quality for coronary interventional procedures have been shown within and between hospitals in Ireland for the first time. This all Ireland study aims to further explore radiation dose levels for cardiac interventional procedures in 15 hospitals, possible areas of standardisation and potential Diagnostic Reference Levels will be proposed. 

A wide range of x-ray doses were recorded for interventional cardiology procedures. 

National or local reference dose levels need to be established and implemented for these high-risk procedures.

Best current practice must be identified 

Through experimental dose reduction strategies “optimised practice” can be established for each procedure allowing DRLs to be established and reduce radiation doses.
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